Physics 1 – Specific Heat Capacity


Specific Heat Capacity
Aims

· To investigate the specific heat capacity of water

· To perform the experimental procedure and compare with the theoretical 
prediction.

Part 1: Tutorial Question (20 mins)
The specific heat capacity of a material describes the amount of energy that is required to heat 1 kg of the material by 1 degree.  The relevant formula is usually written as:
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where T is the change in temperature (in Kelvin), W is the work done (in Joules), m is the mass of material (in Kilograms) and C is the specific heat capacity.

· Rearrange equation 1 to place the specific heat capacity on the LHS.

1.1
Derive the units of specific heat capacity.

· From inspection of the kettle write down its rated power consumption.

1.2
What is the maximum amount of energy you might expect the kettle to transfer 
to the water over a period of 15 seconds?

1.3
Why might the actual energy transferred be less than this?

Part 2: Monitoring temperature change to obtain specific heat capacity (30 mins)

In this part of the experimental tutorial you will take note of the temperature changing with time as a kettle boils and then draw graphs to investigate the properties of water.
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Figure 1
· Ensure that you have the equipment setup as in figure 1 so that the thermometer is placed such that it will measure the water temperature, not the heating element of the kettle.

· Fill the kettle with one kilogram of water (remember the density of water is 1000
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 is 1000 litres)

· Note the temperature of the water and switch on the kettle. Write down the measured temperature every 15 seconds, until the kettle begins to boil (take one more reading as it is boiling).

2.1 Plot a graph (on graph paper) of measured temperature (on the y-axis) against time (on the x-axis)

2.2 What are the particular features of this graph which are interesting e.g. is it a straight line? How does the gradient changes with time and what happens to the gradient when the kettle is boiling?

· For each time value, calculate the corresponding amount of energy transferred to the kettle.

2.3 Plot a second graph (on graph paper) of measured temperature (on the y-axis) against transferred energy (on the x-axis). 

2.4 What is the significance of the gradient of this graph? With this in mind use the most appropriate region to estimate the specific heat capacity of water.

2.5
Is this likely to be an under/over-estimate? Explain your reasoning.

2.6
Once the kettle begins to boil one notes that the temperature of the water no 
longer increases.  Where instead does the energy go?

Part 3: Water-bout sea water? (Optional)

The water in the kettle is now replaced by sea water of the same initial temperature. 

3.1 What do you think will happen to the boiling point, will it be higher or lower? Explain your reasoning and any assumptions you make.

Part 4: Further work 

The following questions are related to the topic covered by this experimental tutorial.

From the examples book, H12- H15 and H34-H43
Mastering Physics question details will be sent by Miles Padgett, m.padgett@physics.gla.ac.uk

Demonstrators' Answers, Hints, Marking Scheme and Equipment List
Marking Scheme

	Section
	Mark

	1.1
	1

	1.2
	1

	1.3
	1

	2.1
	1

	2.2
	1

	2.3
	1

	2.4
	1

	2.5
	1

	Discretionary mark
	2

	TOTAL
	10


Answers

· 
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Jkg-1K-1

· 1850 – 2200 W (Js-1)

1.2
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1.3
The amount of energy actually transferred might be less than this because of 
the energy lost through heating the kettle itself, the air surrounding 
the system, 
and noise.

	Time (s)
	Temp (OC)
	Energy Tranferred to kettle (J)

	0
	26.2
	0

	15
	31.5
	33000

	30
	38.4
	66000

	45
	45.8
	99000

	60
	53.9
	132000

	75
	61.4
	165000

	90
	68.8
	198000

	105
	75.6
	231000

	120
	82.4
	264000

	135
	89.8
	297000

	150
	97.5
	330000

	165
	99.9
	363000

	180
	100
	396000


2.1
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2.2
The graph is a straight line, which plateau’s at ~ 100 OC. The gradient remains 
constant (linear) with time until it nears boiling point. And the gradient 
becomes flat when the kettle is boiling.

2.3
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The gradient of this graph is the specific heat capacity of water. 

4555.8 Jkg-1K-1 (accept anywhere between 4000 and 5000 Jkg-1K-1) using the 
first eleven data points.

2.4(a)
Accept both if well explained, for example:


It is likely to be an overestimate because some assumptions are made about the 
energy transferred which will be higher than the true energy transferred. 

It is likely to be an underestimate because steam is released as the kettle heats 
causing the actual mass contained to decrease. This will mean the time to boil 
reduces slightly and so too will the specific heat capacity.

     (b)
The energy is now being used to convert water into gas.

3.1 The boiling point is increased because the salts have the effect of making the water molecules cluster and become more ordered, thus it’s harder to pull them apart, so needing more energy.

Equipment List

Kettle

Thermometer

Timer

Water







timer





kettle





thermometer
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